In the present study, the oleanolic acid (OA) and ursolic acid (UA) contents of Hedyotis diffusa and H. corymbosa were determined by a rapid, selective and accurate method combining modified ultrasound-assisted extraction (MUAE) and HPLC. Compared with traditional extraction methods, MUAE reduced the extraction time, the extraction temperature and the solvent consumption and maximized the extraction yields of OA and UA. Furthermore, the combined MUAE-HPLC method was applied to quantitate OA and UA in plant samples and exhibited good repeatability, reproducibility and stability. The mean recovery studies (one extraction cycle) for OA and UA were between 91.3 and 91.7% with RSD values less than 4.5%. The pioneer method was further applied to quantitate OA and UA in six samples of H. diffusa and five samples of H. corymbosa. The results showed that the OA and UA content in the samples from different sources were significantly different. This report is valuable for the application of H. diffusa and H. corymbosa obtained from different regions in clinical research and pharmacology.
The dried whole plants of Hedyotis diffusa Willd. (synonym Oldenlandia diffusa Willd., family Rubiaceae) are called "Peh-Hue-Juwa-Chi-Cao" in Chinese. The extracts of H. diffusa possess various pharmacological properties, such as anti-oxidative, antiangiogenic, antimutagenic, neuroprotective, anti-inflammatory, hepatoprotective and anticancer activities [1, 2] . Up to now, four major classes of compounds, triterpenoids, flavonoids, anthraquinones and steroids, have been reported as bioactive compounds from this herb [1, 3] . Among these components, triterpenic acids such as oleanolic acid (OA) and ursolic acid (UA) have been extensively studied for their pharmacological properties due to their high abundance in medicinal herbs. Both have minimal toxicity and have been shown to display numerous biological properties with therapeutic potential [4] . In recent years, studies have shown that UA and OA induce apoptosis in a wide variety of cancer cells, including hepatocellular carcinoma [5] , prostate carcinoma [6] , colorectal cancer [7] , acute myelogenous leukemia [8] , skin tumorigenesis [9] , cervical carcinoma [10] and lung carcinoma [11] .
Several publications have reported the analysis of OA and UA in other raw materials using HPLC methods [12] [13] [14] . However, the simultaneous determination of OA and UA in plant extracts is a difficult task due to their structural similarity [15] . In this paper, a simple, rapid and accurate HPLC method coupled with a photo diode array (PDA) detector is described for the analysis of OA and UA from H. diffusa. The optimal conditions for the analytical method were also investigated for the best resolution and highest sensitivity of detection. In addition, H. corymbosa (L.) Lam has also been used in Taiwan for treating the same conditions as H. diffusa. To compare the efficacy of the two herbs, the OA and UA contents of H. diffusa and H. corymbosa were also analyzed.
Recently, traditional solvent [16] , ultrasonic-assisted [12, 13, 17, 18] and supercritical carbon dioxide [13] extraction techniques have been employed in the extraction of OA and UA from different materials. In the case of ultrasonic-assisted extraction (UAE), the principal advantage is that it is the simplest and most economical technique and is easy to scale up to industrial level. Several probable mechanisms for the ultrasonic enhancement of extraction, such as cell disruption, improved penetration and enhanced swelling and hydration processes, have been cited as leading to enhanced extraction [19] [20] .
In this study, we focussed primarily on the development of an efficient technique for the extraction and determination of OA and UA contents in H. diffusa and H. corymbosa. The novel method consists of heat-reflux extraction (HRE) (5-10 min), followed by UAE, which is the first time that this novel method has been investigated. The effects of processing parameters were further evaluated. The optimized conditions giving the highest OA and UA yields were recorded and used to compare the results obtained with those found using conventional UAE and HRE. Moreover, a simple, rapid and accurate HPLC method was developed and optimized for the analysis of OA and UA in extracts of H. diffusa and H. corymbosa.
Because various parameters potentially affect the UAE process, the optimization of the experimental conditions represents a critical step in the development of a UAE method. In this study, UAE parameters such as the type of solvent, solvent consumption, extraction time, extraction temperature, duty cycle, liquid/solid ratio, material particle size and ethanol-water mixture, were optimized. However, the extraction yields of OA and UA (shown in (one extraction cycle). Therefore, MUAE in the presence of two stages of extraction was employed in order to enhance the extraction efficiency. Moreover, the conventional HRE of OA and UA from H. diffusa was also optimized and compared with MUAE and UAE. The optimized conditions and extraction yields of OA and UA obtained by MUAE, UAE and HRE are listed in Table 1 (one extraction cycle). The application of MUAE significantly reduced the extraction time, extraction temperature and solvent consumption, and achieved superior OA and UA yields. This was attributed to the cavitational effects of ultrasound disruption of plant cell walls and facilitating the release of the target constituents. This release enhanced the mass transport of the solvent from the continuous phase into the plant cells. These results clearly demonstrated that the developed MUAE method provided a good alternative for the extraction of OA and UA from H. diffusa. The optimization of the HPLC conditions for the analysis of triterpenic acids in H. diffusa was achieved by varying the mobile phase composition, flow rate and column temperature. The chromatograms of standard and ultrasonically extracted H. diffusa are compared. OA and UA were satisfactorily separated under the optimum conditions described above, with retention times of 50.44 ± 0.06 and 56.62 ± 0.08 min, respectively. No interference peaks from the endogenous constituents of the extract of H. diffusa were found in the region of the investigated compounds. Furthermore, the two compounds of interest were unequivocally confirmed by the retention times and UV spectra of the authentic standards. Therefore, this HPLC system was simple, easy to use, and effective for the identification and quantification of OA and UA in H. diffusa.
The calibration curve was constructed using a linear regression of the theoretical concentration of an analyte versus the corrected peak area. The mean regression equations and their correlation coefficients were calculated to be Y = 1.8083 × 10 6 X + 7.8839 × 10 4 and R 2 = 0.997 for OA, and Y = 1.5469 × 10 6 X − 1.6539 × 10 4 and R 2 = 0.998 for UA. The analytical procedure was also sensitive with respect to the limits of detection (LOD) and limits of quantification (LOQ) for OA and UA (0.056 and 0.094 μg/mL, respectively, for the LOD and 0.18 and 0.31 μg/mL, respectively, for the LOQ).
The precision and accuracy of the developed method was evaluated by measuring intra-and inter-day variability in terms of the relative standard deviation (RSD) and the relative error (RE). The standard solutions, at four different concentration levels, were analyzed at least six times within the same day, and the RSD and RE values obtained were less than 5.0 and 4.0% for OA and less than 4.5 and 4.0% for UA. Similarly, to measure the inter-day variability, the same concentration of the two standards was run over at least six consecutive days, and the values were 6.5 and 5.7% for OA and 6.3 and 5.9% for UA. Therefore, the criteria for the precision and accuracy for analyzing the OA and UA samples were fulfilled in the developed analytical method. To study the repeatability of the developed MUAE−HPLC method, six herbal samples (HD1) from the same source were extracted under the optimized conditions and analyzed using the established method. Table 2 (one extraction cycle) reveals that the RSD of the OA and UA content in six replicate herbal samples was 3.82 and 3.94%, respectively, indicating that the developed method had good repeatability. Furthermore, the reproducibility was evaluated by calculating the extraction yields obtained from six independent extractions performed on five consecutive days. The obtained RSD for OA and UA were less than 6.7%, which were within the acceptance criteria and indicated that the combined MUAE−HPLC method was accurate, reliable, and reproducible.
The same sample solution was stored at 25°C and analyzed every 12 h over 48 h to evaluate the stability of the samples. The results showed that the relative error (RE) of OA and UA were 1.07 and 0.98%, respectively, after 24 h and 1.46 and 1.12%, respectively, after two days. The results listed in Table 2 indicate that OA and UA were relatively stable in 60% ethanol solution for at least two days. Table 3 shows the recoveries of OA and UA after applying the combined MUAE−HPLC method. As listed in Table 3 , the mean recoveries of OA and UA were 91.72%, with an average RSD of 4.56% (n = 6), and 91.29%, with an average RSD of 4.32% (n = 6), respectively (1 extraction cycle). The mean extraction recoveries of OA and UA reach 100% after three extraction cycles using MUAE in the present work. The recovery results revealed that the MUAE method was adequate and appropriate for the investigated analysis. The recovery tests also confirmed that the HPLC method was reliable and accurate for OA and UA. 
